We propose a regime-switching model that allows demand to respond asymmetrically to upward and downward advertising changes. With the introduction of a smooth transition function, the model features smooth rather than abrupt parameter changes between regimes. We apply the model to nonalcoholic beverage data in the United States for 1974 through 2005 to investigate asymmetric advertising response. Results indicate that a decrease in milk advertising had a more profound impact on milk demand than an increase did. An increase in milk advertising had no impact on milk demand, but a decrease could have an own-advertising elasticity up to 0.049.
A number of researchers have argued that consumers respond asymmetrically to changes in advertising (Hanssens, Parsons, and Schults, pp. 43, 183; Little; Parsons; Vande Kamp and Kaiser 1999) . Asymmetric advertising response (AAR) occurs when the magnitude of demand response to a change in advertising differs depending on whether the change is of one sign or another. The conventional wisdom on AAR is that consumers respond more fully to an increase in advertising than to a decrease because of carry-over effect. That is, consumers are immediately impacted by new or increased advertising, but once the advertising is reduced or eliminated, consumers are slow to forget it. This phenomenon was termed ''hysteresis'' by Little in the marketing literature.
The literature on asymmetric price transmission denotes it as ''positive asymmetry'' when retail prices respond more fully and quickly to an increase in farm prices than to a decrease (Meyer and v. Cramon-Taubadel; Peltzman) . Following such convenience, we define hysteresis as positive AAR in this paper. Alternatively, negative AAR is defined if consumers respond more fully to a decrease in advertising than to an increase.in the United States, which they referred to as the ''small brand condition.'' These brands are in the small brand condition because they cannot profitably increase their advertising expenditure, but once they reduce their advertising, their market shares will decline. Another explanation for negative AAR is that the satiation effect might be at work. If the market for a commodity is saturated, then advertising's ability to enhance demand will be attenuated because of the limited consumption potential for the good.
Whether demand response to advertising displays positive, negative, or no asymmetry has important implications for optimal advertising policy. Vande Kamp and Kaiser (2000) showed that in the presence of short-run positive AAR, pulsed advertising policies for generic milk advertising in New York City are significantly more effective in raising demand than a uniform (i.e., constant) advertising policy. They showed that with the same advertising budget, milk demand under a pulsed advertising policy was 4.3-6.2% higher than that under a uniform advertising policy. Alternatively, in the case of the small brand condition, which is an extreme case of negative AAR, maintaining advertising at the status quo level would be optimal because an increase in advertising does not help increase market shares but a decrease hurts. 2 Wolffram's data-splitting approach was widely used in empirical investigation of asymmetry issues. Let A I t and A D t represent the sum of all period-to-period increases and decreases in advertising in period t, respectively. AAR can be investigated by positing the following linear demand response function:
where t indexes period, b are parameters to be estimated, other demand factors such as prices and income are suppressed, and v is the error term. In Equation (1) demand is a linear function of cumulative increases and cumulative decreases in advertising. Rejection of the null hypothesis in the following hypothesis therefore provides evidence of AAR: series, the models are characterized with an abrupt parameter change from one regime to the other. In some cases it may not seem reasonable to assume the transition is sharp, especially for some aggregated data. As Terä svirta noted in his widely cited paper on the smooth transition autoregressive models, ''Even if one assumes the agents make only dichotomous decisions or change their behavior discretely, it is unlikely that they do this simultaneously. Thus if only an aggregated process is observed, then the regime changes in that process may be more accurately described as being smooth rather than discrete'' (p. 217). Hence, in the case of studying AAR where only aggregated advertising data such as industry-level advertising are available, it would be of interest and sometimes more appropriate to use a smooth transition model that allows the advertising response parameters to change slowly.
The objective of this study is twofold. The first is to augment the versatility of Wolffram's approach by allowing the advertising response parameters to change smoothly along with the value of advertising. This objective is achieved by replacing the unit step function with a smooth continuous function to produce more practical and consistent estimates. The second is to investigate AAR in a system framework using the above proposed data-splitting approach. In an Almost Ideal Demand System (AIDS model) for the demand for nonalcoholic beverages in the United States, each beverage demand is allowed to respond asymmetrically to its upward and downward advertising changes. If AAR is found, the parameter change from b I to b D is gradual rather than abrupt.
The second objective is motivated by our observation that no study has investigated the coefficient variation of advertising in an integrated-demand system framework. The assumption of invariant demand response to advertising was relaxed in the literature to allow the advertising parameter to have some trend over time or to be a function of specific variables (Chung and Kaiser; Kinnucan and Forker; Kinnucan and Venkateswaran; Reberte et al.; Schmit and Kaiser) , or to allow advertising effectiveness to depend on the advertising intensity (i.e., threshold effect, Adachi and Liu), or to allow the existence of short-run AAR (Vande Kamp and Kaiser 1999) . However, these studies all used single-equation models of demand. To our knowledge no study has allowed advertising parameters to vary in a demand system. Modeling advertising in an integrated system framework has the advantage of obtaining a full measure of the advertising impact and therefore not overstating the returns to advertising (Kinnucan and Zheng) . We extend the earlier literature on the evaluation of advertising effectiveness by making it possible to test for AAR in a system framework. Nonalcoholic beverages are a promising group for the AAR test since research by Kinnucan et al. firmly rejected the hypothesis that nonalcoholic beverage advertising has no effect on the level of demand for the individual beverages. Since annual time-series data are used in this paper, any AAR found therefore is long term.
3 In the following sections we present the model, discuss the data, estimation procedures, and results, and conclude. (Enders, . In other words, the advertising coefficient in period t not only depends on whether A t increases or decreases from A t21 , but also depends on how far A t deviates away from A t21 . To achieve this end, the w t in Equation (3) is replaced by a 3 Clarke concluded that ''90% of the cumulative effect of advertising on sales of mature, frequently purchased, low-price products occurs within 3 to 9 months of the advertising'' (p. 355). Therefore, using annual data, on one hand, has an advantage that lag structures need not be specified. On the other hand, the advertising effect (elasticity) found is an implicitly long-term effect. Any AAR found in this paper is long term. Given monthly data (e.g., Vande Kamp and Kaiser 1999, 2000) , interested readers can specify lag structure and therefore test if short-term AAR exists using our model. More technical discussion on shortterm AAR is available in Vande Kamp and Kaiser (1999) .
continuous approximation w' t using the cumulative logistic integral:
where k is called the smoothness parameter. The w' t term is used to divide A t into two series as follows:
for t~2, 3, . . . ,T:
Equation (6) is called a smooth transition function in the econometric literature. Therefore, if A t exceeds A t21 large enough, w' t approaches one. In the limit, as k approaches positive infinity, Equation (6) in effect is identical to Equation (3), Equation (7) is identical to Equation (4), and Equation (8) is identical to Equation (5). Another commonly used continuous approximation is the normal function. Table 1 presents a comparison of several data-splitting approaches-Tweeten and Quance's approach, Wolffram's approach, and the smooth transition version approach proposed in this paper-using data on annual generic milk advertising in the United States. Ten years of data are used for illustration purpose.
The variable ln A t is the logarithm of milk advertising (in million dollars) from 1974 through 1983. 4 Tweeten and Quance's and Wolffram's approaches all use a unit step function to split the data; the former considers the direct impact of period-to-period variation in ln A t , and the latter considers the impact of cumulative variation in ln A t (Manera and Frey) . In Wolffram's approach, Equations (3)- (5) are used to split the data. In the smooth-transitionfunction approach, Equations (6)- (8) are used, with the smoothness parameter (k) in Equation (6) taking the value of one for illustration purpose. Our results using the smooth transition function are directly comparable with Wolffram's. As Table 1 shows, ln
under the heading of ''smooth transition function'' is smaller than (larger than) or equal to its counterpart under ''Wolffram'' because the replacement of Equation (3) with Equation (6) smoothes the cumulative variation in ln A t .
The LA/AIDS Model
A linear approximate AIDS model with a first-order autoregression (AR [1] process) is selected to test for AAR. The AR (1) AIDS model, which uses the smooth transition function to split own advertising into two series in each equation, is posited as follows:
ð13Þ e it~ri e i,t{1 z u it :
Subscript i (51, 2, 3, 4, 5) in Equations (9)- (13) indexes the five beverage categories in the nonalcoholic group in order as fluid milk, juice, soft drinks, bottled water, and coffee/ tea; t and l index year; p jt , q jt , and A jt are the nominal price, per capita consumption, and real advertising expenditures of item j in year t; Y t~P 5 i~1 p it q it is the nominal group expenditure in year t; w it is the (conditional) budget share of item i in year t where w it 5 p it q it /Y t ; P t , Age5 t , and Fafh t are the Stone's geometric price index (ln P t~P 5 i~1 w it ln p it ), the proportion of the U.S. population less than five years of age, and food-away-fromhome expenditures as a proportion of food expenditures in year t; superscripts I and D index two regimes in which ln A it goes up and down, respectively; a, b, c, e, f, and g are the parameters to be estimated in Equation (9); k in Equation (10) is the smoothness parameter to be estimated as well; r i is the first-order autoregressive parameter; and u it is a white noise disturbance. Introduction of the smooth transition function entails nonlinear estimation. By restricting k to be equal across equations and using the LA/AIDS model instead of the nonlinear AIDS model, the computational complexity of the estimation is greatly simplified, and the model easily converges.
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In the demand system developed above, each beverage's own-advertising parameter is allowed to vary according to whether its ownadvertising change is of one sign or another. The terms w in effect represent from year t21 to t, the effects of increases and decreases in beverage i's advertising on its own demand. The term w 
Data Source and Description
Annual time-series data for the United States for 1974 through 2005 are used for this study. Less aggregated data such as state-level panel data or quarterly data were not available. 6 The price and quantity data were obtained from two government sources: the CPI Detailed Report from the U.S. Bureau of Labor Statistics (the price of bottled water was Yearly per capita consumption of bottled water was only around two gallons in the late 1970s. No data were available regarding bottled-water price prior to 1984 and bottled-water advertising expenditures prior to 1985, so we use imputation method to compensate for the missing data. For example, observable bottled-water prices are regressed on the other four beverage prices and advertising (with an R 2 of 0.96), and then the equation is used to generate water prices for the period where water prices are unobservable. The prediction equation for bottledwater advertising includes the other four beverage advertising, gross domestic product (GDP), and food-away-from-home and foodat-home expenditures (with an R 2 of 0.81).
Definitions of variables and summary statistics for the data are reported in Table 2 . Of the 32 years, the number of years with increase in (real) advertising is 13, 20, 16, 14, and 16 for the five beverages, respectively, providing two balanced regimes for each beverage.
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Estimation and Results
The model satisfies the multivariate normality assumption and a Hausman-Wu endogeneity test indicates little evidence of endogeneity for the real group expenditure. The endogeneity is examined using ln(Inc t /P t ), log of real GDP, and a linear trend variable as instruments for ln(Y t /P t ) where Inc is per capita personal income obtained from the U.S. Bureau of Economic Analysis. That is, first regress ln(Y t / P t ) on ln(Inc t /P t ), log(GDP), and the trend. The residuals saved from the above regression enter each equation of the demand system as an additional explanatory variable. The Wald statistic for the null hypothesis that the coefficients for the residuals are jointly zero is not statistically significant at the 5% level. We select the AR (1) specification since the Godfrey's serial autocorrelation test indicates so.
Since treating the imputed missing data as if they were true observations (also known as single imputation) generally leads to underestimated variances for parameters (Rubin 1996 ; Rubin and Schenker; Shao and Sitter), we follow Rubin (1987) to use multiple imputation method to account for the underestimation in the variance. That is, we repeat drawing from the two prediction equations to fill the missing data m times. The m complete data sets are used to fit the AIDS model to obtain m repeated parameter estimates and covariances. Finally, the m repeated parameter estimates and covariances are combined to produce valid inferential results. We conduct the above three steps using the PROC MI, PROC MODEL, and PROC MIANALYZE procedures in SAS 9.1, respectively. Typically, as few as five or three multiple imputations are necessary (Rubin 1996, p. 480) . We set m 5 20 in this paper to err on the safe side. Results are robust for alternative values for m (e.g., m 5 10 and m 5 30) in that when the alternative values for m are used, estimated parameters and standard errors change slightly only at the three-digit level.
The AIDS model is estimated using the using the full information maximum likelihood method (FIML) with 160 effective observations (five equations and 32 years). Price homogeneity and symmetry and adding up are treated as maintained hypotheses (i.e., P 5 j~1 c ij~0 , c ij 5 c ji ,
i~1 g i~0 , and P 5 i~1 a i~1 ). All equations share a common autoregressive parameter. If all advertising variables (own and cross) had been split and entered as regressors for each equation (resulting in a total of 10 advertising variables for each equation), the system is perfectly singular. In our case only the own advertising variable is split, therefore all the five equations are used.
9 Table 3 presents the parameter estimates of the model.
Columns (1)- (5) show that nine of the 15 price coefficients, including four own-price coefficients are statistically significant at the 5% level (default), and two other cross-price coefficients are statistically significant at the 10% level (denoted as weakly significant). Columns (7)- (10) show that about one-half of the expenditure, Age5, and Fafh parameters are statistically significant or weakly signifi- cant, and the adjusted R 2 are high. 10 Our key interests here lie in the own-advertising parameters in columns (12)- (21), where each beverage has four estimated cross-advertising parameters and two estimated own-advertising parameters-one for the regime with increases in advertising and the other for the regime with decreases in advertising. For example, fluid milk's own-advertising parameters are 0.002 (not statistically significant) for its upward advertising changes and 0.012 (statistically significant) for its downward advertising changes. That is a typical example of negative AAR. On the contrary, the advertising parameters for bottled water are 0.010 (weakly significant) and 20.005 (not statistically significant), respectively, for upward and downward changes in its advertising. The own-advertising parameters for the other three beverages are not statistically significant.
For comparison purpose, we reestimate the system with symmetric advertising response and report the results in Table 4 . Three of the own-advertising parameters are weakly significant; they are 0.006 for milk, 0.024 for soft drinks, and 0.012 for coffee/tea. Other estimated parameters in Table 4 are comparable with those in Table 3 . For example, coffee/tea advertising is found to increase milk demand with a cross-advertising parameter of 0.028 in Table 4 and 0.017 in Table 3 . Both parameters are statistically significant.
To err on the safe side, we restrict our test of AAR to those beverages that have statistically significant or weakly significant ownadvertising parameters in both specifications, that is, milk. A t-test is performed for milk to test the null hypothesis of e I 11~e D 11 . The resulting test statistic is 2.55 (p-value 5 0.048), which indicates rejection of symmetry. That is, the difference between the two ownadvertising parameters for milk is statistically significant. In summary, we found that milk demand overall was positively related to milk advertising. However, a decrease in milk advertising had a more profound impact on milk demand than an increase did, displaying evidence of negative AAR. Such a result may signal a saturated market for milk. The result can also be reconciled in the perspective of consumption trends in the U.S. nonalcoholic beverages. Previous studies (e.g., Kinnucan et al.) documented a negative trend in milk and coffee/tea (per capita) consumption and a positive trend in soft-drink consumption.
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Bottled-water consumption has been trending up at a much faster speed than soft drinks' because of its rising popularity. Over the period we addressed in this study , the changes of budget shares for the five beverages are 0.44 to 0.24 for milk, 0.11 to 0.15 for juice, 0.28 to 0.37 for soft drinks, 0.01 to 0.12 for bottled water, and 0.16 to 0.12 for coffee/tea. The above numbers show that milk gave up market shares notably to bottled water and soft drinks. In a competition for market share, milk might be in a defensive position because of its negative consumption trend, so that its advertising increases did not matter to demand, but its advertising decreases did.
Based on the information in Tables 3 and  4 , compensated own-price and cross-price elasticities (E Table 5 .
For E C ii , double asterisks (single asterisk) indicate that c ii is statistically significant at the 5% (10%) level. Similar denotation applies to other elasticities except E U ii . Because E U ii involves two parameters, its standard errors are derived using the Delta method. Double asterisks for E U ii mean that 21 + c ii /w i 2 b i is statistically significant.
Both models in Table 5 indicate that all the own-price elasticities, compensated and uncompensated, are inelastic and have the (12)
(15) 
(8) 
Results correct sign. Soft drinks are the most price elastic beverages within the group in terms of uncompensated elasticities. Coffee/tea is found the most expenditure elastic with an elasticity of 2.345 for the model allowing for AAR and 2.992 for the model with symmetry. The model allowing for AAR shows that the ownadvertising elasticity for milk is 0.009 (not statistically significant) for an increase in advertising and 0.049 (statistically significant) for a decrease in advertising. The interpretation is, the advertising elasticity for a large decrease in milk advertising approaches 0.049. For a small/moderate decrease, the advertising elasticity falls in the range of (0, 0.049).
Conclusion
In this study we first develop a regimeswitching model that allows demand to respond asymmetrically to upward and downward advertising changes. AAR is then investigated for the U.S. nonalcoholic beverages in a system framework using the above developed model. Our results indicate existence of negative AAR. For milk the estimated own-advertising parameter corresponding to an advertising decrease is found larger than that corresponding to an advertising increase. That is, an increase in milk advertising has no impact on milk demand, but a decrease can have an own-advertising elasticity up to 0.049, depending on the size of advertising decrease. The satiation effect and negative consumption trend may cause negative AAR for milk. We acknowledge one limitation of this study is the use of annual data with limited degrees of freedom, which only allows to test for long-term AAR and makes strategic policy implications harder to obtain than using monthly or quarterly data. Efforts are being made to make up for this limitation. In addition, although making use of the linear AIDS model reduces the computational complexity significantly, the usual caveats regarding the linear AIDS model apply (e.g., Alston, Chalfant, and Piggott; Moschini) . The main contribution of this paper lies in that the model features smooth parameter changes between regimes and allows testing for AAR in a system framework. To our knowledge, this is a first attempt to model and test for AAR in an integrated framework. [Received October 2007; Accepted May 2008.] 
